Photoresponse is an important parameter to characterize the optoelectronic performance of devices. For 2D materials, it has been found that the contact properties play a vital role on the photoresponse performances. Generally, photoresponse is closely relevant to trap states and lifetime of photogenerated carriers. [1, 2] Trap states with higher energies than Fermi level (E F ) are able to capture electrons (electron traps), and those with lower energies than E F are able to capture holes (hole traps).
For our devices, at V gs > 0 V (Figure S7h ), E F is located close to the conduction band (E c ), and the concentration of free electrons in E c is high whereas the concentration of free holes in valence band (E v ) is low. The devise is in on-state.
Under dark condition, electron traps nearby E F are mostly occupied whereas holes traps are nearly left empty. Under illumination, electron-hole pairs are generated and holes are subsequently trapped which prolongs the electron lifetime. However, at this condition, a barrier ( a ) for electrons exists at the drain metal contacts, which increases the probability of electron-hole recombination [3] . At higher laser power, a large number of carriers in the channel are recombined resulting in a negative dependence of responsivity on laser power, similar with a traditional photoconductor.
At V gs = 0 V ( Figure S7g ), E F is close to the midgap and free electron concentration decreases with increasing number of electron traps becoming available to trap electrons. In this scenario, both electron and hole trap states are available to capture photogenerated carriers. At low laser power, a large fraction of electrons and holes get trapped first. Therefore, compared with V gs > 0 V, reduced photocurrent generation is observed as shown in Figure S7a and d. At higher laser power, the gradual filling of trap states results in more free photogenerated carriers in the channel.
Finally, an increase of responsivity for higher laser power (Figure 5b and d) is
observed. In total, we will get the nonmonotonic behavior shown in Figure 5b and d.
According to the above analysis, we could expect that a lower charge carrier injection/extraction barrier would lead a higher probability of the existence of this nonmonotonic behavior. Here, because the inserting of graphene between metal and MoTe 2 (WSe 2 ) can significantly reduce SBH and thermionic field emission activation energies of carriers, we can easily observe this nonmonotonic behavior in both MoTe 2 and WSe 2 devices with G/M q-vdWC.
